Abstract
A. Introduction
Ferroelectric liquid crystals are promising materials for fast switching electro-optical displays with wide viewing angle. Incorporating smectic liquid crystals into display devices is extremely attractive. But their widespread commercial use has not yet been realized because of orientation problems and a multitude of structures that appear as a result of a temperature change or by application of an external electric field.
In chiral smectic liquid crystals the molecules are arranged in layers with the director tilted with respect to the layer normal by a temperature-dependent tilt angle [1] . Many phases are encountered with the same tilt inside the layers but a distribution of the azimuthal direction which is periodic with a unit cell of one (SmC*) two (SmC*A), three (SmC*Fi1), four (SmC*FI2) or more (SmC*α) layers [2-4].
A zero field phase sequence obtained during cooling process is generally in order:
Iso → SmA → SmC*α → SmC* → SmC*Fi2 → SmC*Fi1 → SmC*A → Cr.
Where Iso and Cr represent the isotropic and crystal phases, respectively. Even so, one or more mesophases may miss in this table but the order of appearance remains the same New phases can also arise by application of an external electric field. Then it is necessary to draw up the (E,T) phase diagram of these products. It is well-known for a long time that
Under an electric field, chiral smectic liquid crystals transit usually to the unwound SmC* phase where the helical structure is completely unrolled [12] . Sometimes the sample transits initially towards an intermediate polar state before the total destruction of the helix [13, 14] .
The dynamics of these transitions was the object of several theoretical and experimental works [15-19].
Recently Jaradet et all have discovered, from a study of X-ray resonant diffraction, a new intermediate phase with 3 layers periodicity but different to that of SmC*Fi1 phase . To interpret their experimental observations they developed a structural model which makes it possible to determine the orientation of the molecules in a layer. They thus showed the evolution of the structure of the ferrielectric phase during the increase in the modulus of the applied electric field. [24] .
In this work we have carried out a theoretical study, based on the extended H-T model, of the field-induced states in chiral smectic liquid crystals, especially those obtained starting from SmC*Fi2 phase. Two hypotheses of the dynamics that give rise to the intermediate phase have been discussed. The molecular arrangements within the layers of two suggested structures, with 3 and 4 layers, have been studied. We carried out a numerical calculation, aiming at comparing the free energies of the suggested structures, in order to know most stable between them.
Let us start initially with a theoretical background which describes the phase transitions between structures of the distorted clock model.
B. Theoretical background
In this section we suggest to present briefly the phenomenological model, known as the
Hamaneh Taylor model (H, T model). Thereafter we present the extension brought by
Dhaouadi et all to this model. All the calculations carried out along this work are base on the results of this extension.
The Hamaneh Taylor model
The H-T model is a phenomenological model to describe chiral smectic phases [22, 23] . It is based on the balance between two interactions; one a short range twisting term trying to impose an increment of the azimuthal angle between adjacent layers, the increment of the azimuthal angle from layer to layer varies with temperature from 0 to ; the other a longue range related to the anisotropy of curvature energy in the layers plane. They derived an order parameter =< cos (2 ) >, where the average is taken on the azimuthal angle inside the unit cell. It is non-null in the commensurate phases and associated to an energy ƞ J² where ƞ is a coefficient describing the strength of the longue range interaction and is of order unity. The short order term reads < cos (∆ − ) > with ∆ = +1 − ; where correspond to azimuthal angle in layer l. So the free energy can be written as:
F 0 is the electrostatic energy necessary for transition to ferroelectric phase with a polarization PS at the electric field Es. 0 = − . . 
. (α,η) phase diagrams obtained with; the H-T model (a); extended H-T model at zero field (b) and with applied field (c). Arrow shows evolution of curve α (η) on heating. The zone delimited by stars correspond to the domain where appears the intermediate phase.
The diagram of figure 2.c is also obtained starting from the extension of the H-T model at non zero field (γ = 0.2 and δ = 0.5).
To obtain these diagrams we compare the free energies of all the distorted clock model 
C-Experimental results
The aim of this section is to estimate the orders of magnitude of polarizations and the transition's threshold field which are crucial data for the interpretations of theoretical calculations carried out throughout this work.
An electro-optical study and microscopic observation have been carried out for the chiral smectic liquid crystal compound C12F3 belonging to the series of fluorinated product CnF3 synthesized by H.T Nguyen.
[5][25-27]. The structural formula of the compound C12F3 is drawn in figure 3 .
The structural formula of the compound C12F3
The polymorphism obtained by dielectric spectroscopy at zero fields is the following All measurements have been carried out on commercial planar cell (EHC. Inc, Japan; 5 µm) coated with a conductive layer of indium tin oxide. The active area is 25 mm².
Microscopic observation
We have recorded the evolution of the textures of our compound as a function of the applied electric field in the range of temperature where the sample presents the phase SmC *Fi2.
Photomicrographs of figure 4 are taken at the same temperature, T=66.2°C. For a weak field sample presents still the structure of the SmC*Fi2 phase (fig 4.a) . For stronger field, superior to the threshold value which one notes Ec1, the change of color means transition towards the intermediate phase (fig 4.b) . A second transition towards the unrolled SmC* phase takes place for a field higher than a new threshold value noted Ec2 (fig 4.c) . 
Electro-optic study
For the electro-optic study, we used a triangular wave form (see Figure 4 ). The measurement recorded at different temperatures, by varying voltages with fixed frequency 40 Hz in the 5-μm cell. We record the signal on a Tektronix 340 oscilloscope. The current response is the sum of the charge of the cell capacitor, the ionic conductivity and a peak linked to the polarization which reads:
and corresponds to the derivative versus time of the projection of the macroscopic polarization P over the direction y of the applied field. The measurement of the air of the peak makes it possible to determine the polarization of the sample 
D. Origins of the field-induced intermediate phase

In this paragraph we will try to answer the following question: which is the dynamics that gives rise to the intermediate phase? To answer this question we propose a model according
to which the applied electric field induces a distortion of the structure of the phase present in the sample at null field (figure 6.a). The study of the evolution of this distortion according to the applied field modulus will allow further explaining the appearance of this intermediate phase and deducing its possible structure.
Working hypothesis
The null field phase, to which this study relates, is the SmC*Fi2 one. The fact that this phase is nonpolar facilitates enormously calculating of the distortions which deforms the structure following the application of an electric field. We suppose that the cell, into which the product is introduced, is low thickness so that the helix due to the chirality is destroyed by the planar anchoring imposed by treated surfaces. This assumption makes it possible to restrict the study to the elementary mesh of four layers.
Two assumptions describing the dynamics which leads to the transition towards the intermediate phase are considered in what follows:
• The first is that of a deformation of the basic structure with conservation of the initial four layers mesh. The transition towards the intermediate phase is explained by a discontinuity of this distortion (figure 6.b).
• The second consists on a total rearrangement of the initial mesh. The basic four layers structure will be destroyed when the electric field exceeds the threshold value Ec1. A new structure with three layers, identical to that described by S. Jaradet [20] , appears in its place (figure 6.c).
Figure 6. (a) Distortion of the four layer structure for E < Ec. (b) First assumption with discontinuity of the distortion for Ec <E < Es. (c) Second assumption appearance of a new structure with three layers for Ec <E < Es. Red arrows represent the directions of polarization in the various layers.
Initially we will carry out a calculation of polarization in each of the two structures described on the assumptions below. Then, a comparison of their free energies makes it possible to determine which the most probable one is. • expression of the free energy
Distortion of the elementary mesh in the
In the expression of the free energy of the H-T model (equation.1), it is the second term corresponding to the long range interactions ⟦ 0 2 ⟧ which is responsible for the appearance of the commensurable molecular arrangements [24] .It is also responsible for the stability of the distorted structure described previously.
We note W the potential governing the stability of these structures. In the SmC*Fi2 phase, the order parameter J is written at null field as:
W is minimal for the structure described in the figure.5.a. (W = W0 for = 0).
In the structure distorted by the applied electric field, the order parameter J and the potential W0 are a function of the distortion « ». 
A development to the order "2", for low values of the distortion « », gives for the potential the following expression:
The expression of the free energy must present in addition to the potential W(δ), a term corresponding to the energy of the polarization which appears at non null field. For a linear treatment one neglects the quadratic term in P 2 . A justification of this approximation will be given further. The symmetry of the configuration of the figure 5 .a gives an induced polarization parallel to the applied field.
• Expression of the distortion « », and polarization « » Let us start initially by expressing polarization P(δ) according to δ. This polarization is the average of all polarizations in the mesh layers after distortion.
The components of polarizations P1, P2, P3 and P4 following the direction of the field are written:
Total polarization is written:
For weak values of , sin( ) ≈ one has then:
The free energy is then written in the following form:
By minimization over one finds:
Where are respectively the polarization of saturation of the sample and the field threshold which induces the transition towards the unrolled SmC * phase.
Order of magnitude
To estimate the order of magnitude of the angular distortion and polarization induced by this distortion it is necessary to know the order of magnitude of the characteristic angle of the • The distortion and the induced polarization While replacing by his value in the equation (12), one finds the value of the polarization which the sample following this process of distortion can have: P max (δ) = 0,0031 P s .
It is to be noticed that even for rather strong fields ( E ≈ 0.7 E s ) the values of the distortion and polarization P remain low in front of the characteristic angle and polarization of saturation PS of the SmC*Fi2 Phase. To conclude, a simple distortion of the structure SmC*Fi2 cannot explain the appearance of the intermediate phase with a polarization close to half of PS.
• Discontinuity of the distortion; The four layers Structure
We initially consider the four layers structure described in the figure gives; β ≈ 101°, which corresponds to a value of the distortion 0 of order 71.
• The three layers structure
This new structure is similar to that observed in experiments by S. Jaradet 
E. modélisation numérique et diagramme de phases
In what follows we carry out a numerical calculation allowing a comparison of the free energies of the two suggested structures of the intermediate phase. 
Conclusion
Following the application of an electric field, a chiral smectite liquid crystal undergoes modifications of structure. Certain modifications constitute true phase transitions similar to those induced by variation in the temperature [30] . It is well-known for a long time that under an electric field, chiral smectic liquid crystals transit usually to the unwound SmC* phase where the helical structure is completely unrolled. Sometimes the sample transits initially towards an intermediate polar state, (ferrielectric), before the total destruction of the helix.
One can thought that we are observing a progressive and discontinuous destruction of the helix which occurs by increasing the modulus of the applied field [15] . Actually they are well true transitions from first order with coexistence of the two concerned phases, figure3.
In this work we tried, using a simple theoretical study, to understand the process which gives rise to this intermediate phase in the case of a sample presenting the SmC * Fi2 phase at null field. Two possible structures of this phase are proposed.
-The first is a four layers structure, which rises from a discontinuity of the distortion of the basic structure.
-The second is a three layers structure, similar to those observed in experiments by the technique of X-ray resonant diffraction.
A theoretical study allows, starting from experimental data, to estimate the characteristic parameters of the suggested structures. A numerical calculation allows the comparison of their free energies to determine which of both is most stable. The results of this numerical study give favor to the three layers structure.
